The preventive effective of Zataria multiflora (ZM) extract was investigated in mouse bone marrow cells against genotoxicity induced by cyclophosphamide (CP). Mice were orally (gavaged) pretreated with solutions of ZM extract prepared at 3 different doses (50, 100, and 200 mg/kg body weight) for 7 consecutive days. They were injected with CP (50 mg/kg body weight) on the seventh day of treatment and killed after 24 hours for the evaluation of micronucleated polychromatic erythrocytes (MnPCEs) and the ratio of PCE/(PCE + NCE), where PCE refers to polychromatic erythrocyte, and NCE refers to normochromatic erythrocyte. All 3 doses of extract significantly reduced MnPCEs induced by CP (P < .0001). Zataria extract at a dose of 200 mg/kg body weight reduced MnPCEs 7.8 fold and also completely normalized the PCE/ (PCE + NCE) ratio. Administration of ZM inhibited bone marrow suppression induced by CP. Zataria extract exhibited concentration-dependent antioxidant activity on 1, 1-diphenyl 2-picryl hydrazyl free radical and lipid peroxidation. It appeared that ZM with antioxidative activity reduced the oxidative stress and genotoxicity induced by CP in mouse bone marrow cells.
Introduction
Humans encounter hazardous environmental chemical agents in life. These compounds produce toxic substance in tissues, mainly free radicals and reactive oxygen species. These reactive compounds are capable of inducing damage to critical macromolecules such as DNA, which induces chronic diseases including cancer. 1 Many natural compounds in plants have been reported to have potential protective effects on these diseases as well as anticarcinogenic effects. 2 Medicinal plants have potential preventive properties because of chemical constituents such as phenolic compounds and flavonoids. Flavonoids and phenolic compounds have many biological properties, including hepa toprotective, antibacterial, and anticancer activity. These physiological benefits of phenolic compounds are generally thought to be a result of their antioxidant and free-radical scavenging properties. 1 Recently, we showed that hesperidin, a flavonoid, reduced genotoxicity induced by cyclophosphamide (CP) in mouse bone marrow cells when administered prior to CP treatment. 3 It was reported that citrus and hawthorn extracts have a significant protective effect against genotoxicity induced by CP. 4, 5 Citrus and hawthorn extracts contain high amounts of flavonoids, which have powerful antioxidant properties. 4, 5 Zataria multiflora (ZM) is a potential medicinal plant grown extensively in Iran, Pakistan, and Afghanistan; it is called avishan-e shirazi in Iran. This herbal medicine is used extensively in Iran. Many pharmacological properties of this herb have been reported, including its antimicrobial, antinociceptive, anti-inflammatory, and antioxidant activity. [6] [7] [8] [9] Thus, the evaluation of the effects of Zataria extract on genotoxic effects induced by chemicals is warranted. This study was undertaken to assess the effects of Zataria extract on genotoxicity induced by CP in mouse bone marrow cells using the micronucleus test. We also evaluated the antioxidant activity of this herb to discuss the mechanistic effects of this medicinal plant.
Materials and Methods Animal
Male NMRI mice weighing 25 ± 3 g were purchased from the Pasteur Institute (Amol, Iran). They were housed in good conditions in the university animal house and given standard mouse pellet and water ad libitum. All animals were kept under controlled lighting conditions (light:dark, 12:12 hours) and temperature (22 ± 1°C). The Care and Use of Laboratory Animals standard prepared by Mazandaran University of Medical Sciences was followed.
Chemicals CP (Genoxal) was obtained from Baxter Oncology (Germany). 1,1-Diphenyl-2-picryl hydrazyl radical (DPPH) was purchased from ICN Biochemicals, Inc (Aurora, OH). All other chemicals were obtained from Merck Company.
Plant Material
ZM Boiss (Lamiaceae) tops were collected from plants growing in Fars province. Aliquots of 200 g of the dried powder of the plant were extracted with 2000 mL of ethanol (75%) for 72 hours. The extracts were dried after evaporating the solvent under vacuum at a temperature below 50°C. In doing so, 23.5 g of extract powder was obtained.
Measurement of Free-Radical Scavenging Activity
The free-radical scavenging capacity of methanolic extracts was determined as bleaching of the stable DPPH. 10 Different concentrations of Zataria extract (0.0125 to 0.8 mg/mL) were added, at an equal volume, to an ethanolic solution of DPPH (100 mm). After 15 minutes at room temperature, the absorbance was recorded at 517 nm. The experiment was performed in triplicate. Butylated hydroxytoluene (BHT) was used as a control antioxidant standard. Percentage scavenging was calculated using the formula [(Control -Test)/ Control] × 100.
Lipid Peroxidation
Lipid peroxidation inhibition was determined using the ferric thiocyanate method as described by Olukemi et al. 11 For this, 2 mL of 50-, 100-, and 200-mm methanolic extract of plant and BHT; 2 mL of 2.5% (W/V) linoleic acid in 95% methanol (V/V); 4 mL of 0.05 M of phosphate buffer (pH 7.0); and 2 mL of distilled water were mixed in a 10 mL test tube covered with aluminum foil. A blank sample was prepared using 4 mL of methanol and other reagents without extract. The test tubes were placed in a water bath at 37°C and kept in the dark for acceleration of oxidation. Then, 0.1 mL of the above mixture was added to 9.7 mL of 75% methanol and 0.1 mL of 30% ammonium thiocyanate. After 5 minutes, 0.1 mL of 0.02 M ferrous chloride solution in 3.5% (V/V) HCl was added to the mixture and stirred. The amount of peroxide formed was determined by reading absorbance at 500 nm at intervals of 24 hours during incubation. BHT (Merck Company) was used as a standard antioxidant. The inhibition of lipid peroxidation as a percentage was calculated using the following equation:
Here A c is the absorbance of control reaction and A t the absorbance in the presence of the extract or BHT samples.
Experimental Protocol
For the micronucleus assay, animals were divided into 6 groups (groups 1-6) of 5 animals in each group: 
Micronucleus Assay
The mouse bone marrow micronucleus test was carried out according to Schmid for evaluation of the chromosomal damage in experimental animals. 12 The animals were killed by cervical dislocation at 24 hours after CP treatment. The bone marrow from both the femurs was flushed in the form of a fine suspension into a centrifuge tube containing fetal calf serum. The cells were dispersed by gentle pipetting and collected by centrifuge at 1500 rpm for 10 minutes at 4°C. The cell pellet was resuspended in a drop of fetal calf serum, and smears were prepared. The slides were coded to avoid observer bias. After 24-hour air drying, smears were stained with May-Grunwald/Giemsa as described by Schmid. 12 For each experimental point, 5 mice were used and a total of 5000 polychromatic erythrocytes (PCEs) were scored per experimental point to determine the percentage of micronucleated polychromatic erythrocytes (MnPCEs) and the PCE/(PCE + NCE) ratio (NCE refers to normochromatic erythrocyte).
Histology of Bone Marrow
For histological examination of myeloid hyperplasia in bone marrow, mice were administered a dose of 200 mg/kg of Zataria extract for 7 days and then sacrificed 24 hours after injection of CP. Femurs were immersed in 10% formalin; bones were decalcified and processed with microtome at micron slides. Routine hematoxylin and eosin-stained 6-mm paraffin section slides were evaluated under a light microscope.
Statistical Analysis
The data are presented as means ± standard deviation. One-way ANOVA analysis and Tukey's HSD (honestly significant differences) test were used for multiple comparisons of data. A probability value of .05 was accepted as denoting significance.
Results
The effect of various levels of ZM extract with or without CP on the frequency of MnPCEs in bone marrow cells, 24 hours after CP treatment, is shown in Table 1) . Data showed that ZM should have a suppressive action on CP-induced clastogenic effects. Determination of the PCE/(PCE + NCE) ratio in CPtreated mice showed a pronounced cytotoxic effect of CP on bone marrow proliferation; this ratio was reduced significantly in mouse bone marrow after CP treatment. Treatment of mice with Zataria extract arrested the CPinduced decline in the PCE/(PCE + NCE) ratio (Table 1) . Increase in the PCE/(PCE + NCE) ratio in the ZM + CP groups (at doses of 50, 100, and 200 mg/kg.) was higher than that of the CP-alone group (P < .001). There was a dose-dependent effect of ZM, with doses 50, 100, and 200 mg/kg increasing the PCE/(PCE + NCE) ratio (Table 1) . Zataria extract completely reversed the cytotoxicity induced by CP at all doses in mouse bone marrow with increasing ratio of PCE/(PCE + NCE).
Histological examination of the bone marrow showed that administration of CP induced myelosuppressive effects (Figure 1 ). Oral administration of ZM led to marked proliferation and hypercellularity of immature myeloid elements after mice were treated with CP and mitigated the bone marrow suppression (Figure 1 ). An excellent scavenging effect was observed with the Avishan-e shirazi extract. Scavenging effects of methanolic extracts from Zataria on DPPH radicals increased with increasing concentrations and was high (96%) at 0.8 mg/mL (Figure 2) . The scavenging effects of BHT were more than that for the extract at an equivalent lower concentration, but Zataria extract had the same antioxidant activity as the commercial antioxidant BHT at higher concentration.
Extracts from Zataria inhibited significantly the autoxidation of linoleic acid. Table 2 shows the effects of different concentrations of extracts and incubation time in comparison to BHT inhibition of lipid peroxidation. The extract was tested at levels of 50, 100, and 200 mg/mL for different times of incubation of 24, 45, 72, 96, and 120 hours on autoxidation that was accelerated in a lineolic acid system ( Table 2 ). All concentrations of extract inhibited lipid peroxidation, and this effect was similar to BHT as a standard synthetic antioxidant. Zataria extract showed good inhibition of lipid peroxidation at 50, 100, and 200 mg/mL at 24, 48, and 72 hours after incubation. Zataria extract and BHT had more than 73% and 83% inhibition of lipid peroxidation at 72 hours, respectively.
Discussion
This study demonstrated that ZM showed potent chemoprotective effects against genotoxicity induced by CP in mouse bone marrow. Zataria extract reduced the frequency of MnPCE and increased proliferation of bone marrow cellularity that was affected by CP. It also showed excellent antioxidant activity in an in vitro system. CP and its metabolites can bind DNA, causing damage that may result in chromosome breaks, micronucleus formation, and cell death. 13, 14 Administration of ZM for 7 days resulted in inhibition of micronuclei induced by CP, and it showed protective and anticlastogenic effects. Natural compounds, including flavonoids and phenolic compounds, may play a role in scavenging free radicals such as hydroxyl radicals generated by hazardous chemical agents. Increases in the intracellular level of ROS (reactive oxygen species), frequently referred to as oxidative stress, represent a potentially toxic insult, which interact with macromolecules to induce cell membrane dysfunction, lipid peroxidation, and DNA damage. In this study, ZM had dose-dependent protective effects in reducing MnPCEs induced by CP. Administration of ZM orally to mice for 7 days at a dose of 200 mg/kg before injection of CP reduced the frequency of MnPCEs almost 7.8 fold. Zataria extract had protective effects greater than other natural products that we tested in our laboratory. We previously showed that administration of citrus, Hawthorn extract, and hesperidin in a similar manner had reducing factors of 2.8, 2.5, and 2.37 at optimal doses, respectively. [3] [4] [5] We can say that administration of ZM increased the percentage PCE/(PCE + NCE) ratio decline in treated mice with CP because this ratio gives a direct index of cell division.
ZM has several pharmacological properties, including antifungal, antimicrobial, anti-inflammatory, and antinociceptive effects. [6] [7] [8] Chemical analysis of Zataria showed that it has several phenolic compounds such as thymol, hydroxyl benzoic acid, and cymene. [15] [16] [17] Previously, we showed that administration of hawthorn extract containing high amounts of flavonoid and phenolic compounds reduced genotoxicity induced by CP in mouse bone marrow cells, showing potent antioxidant activity. 5 Zataria extract showed potent radical scavenging properties using the DPPH method; it also inhibited lipid peroxidation. It was shown that ZM scavenged free radicals (DPPH) in an aqueous system and also inhibited lipid peroxidation in a lipid system. These experiments thus showed that ZM could interact with free radicals and oxidative stress substances that are produced in all aqueous and lipid media. ZM can contribute to the protection of macromolecules with lipid and aqueous nature. The main characteristic of antioxidants is an ability to trap free radicals. Highly reactive free radicals and oxygen species are present in biological systems from a wide variety of sources. The free radicals may oxidize nucleic acids, proteins, lipid, and DNA and can initiate degenerative diseases. 1 Free radicals can attack macromolecules such as DNA and induce DNA damage. Antioxidant compounds like phenolic acids, polyphenols, and flavanoids scavenge free radicals such as peroxide and lipid peroxyl and, thus, inhibit the oxidative mechanisms that lead to degenerative diseases. 18 In this study, it is probable that ZM, with its antioxidant properties, contributed to reducing genotoxicity induced by CP in mouse bone marrow, and therefore, we conclude that it can help defend the body against the effects induced by hazardous chemical agents.
